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Prevalence of goitre and hypothyroidism in Southern 
Tanzania: effect of iodised oil on thyroid hormone 
deficiency* 
W W Ä C H T E R 1 , M M V U N G I , 2 A K Ö N I G , 3 C R P I C K A R D T , 3 A N D P C S C R I B A 4 
F r o m 6 2 9 6 M e n g e r s k i r c h e n ; 1 L u t h e r a n H o s p i t a l , 2 I l e m b u l a v i a I r i n g a , T a n z a n i a ; M e d i z i n i s c h e K l i n i k 
I n n e n s t a d t der Universität München* Ziemssenstrasse 1 , D - 8 0 0 0 München 2, West G e r m a n y ; K l i n i k für 
I n n e r e M e d i z i n der Universität,4 R a t z e b u r g e r A l l e e 1 6 0 , D — 2 4 0 0 Lübeck 1 , West G e r m a n y 
SUMMARY In the Southern Highlands of Tanzania the prevalence of endemic goitre due to iodine 
deficiency is in the ränge of 90% and hypothyroidism in the ränge of 50% of schoolchildren. The 
present study confirms these data and documents the beneficial effect of Lipiodol injections on 
thyroid function in children around the age of puberty compared with untreated children from the 
same villages. On the other hand, a decrease in the prevalence of goitre could not be shown. A 
beneficial effect is shown for infants of mothers who received iodine during pregnancy. It seems 
that this form of supplementation is sufficient for breast fed children for more than three years, 
even when a second child has been delivered in the meantime. In contrast, older siblings of these 
babies may become hypothyroid when breast feeding is stopped. The determination of thyroid 
autoantibodies in iodine treated and untreated children and in young adults showed no increasing 
prevalence of positive findings thus excluding iodine induced chronic thyroiditis at least in the 
young target population. 
The southern highlands of Tanzania are known to be 
an area with a high prevalence of endemic goi t re 1 2 
and hypothyroidism 2 due to iodine deficiency. 
Therefore, in 1979, privately initiated iodine 
supplementation was undertaken regionally in order 
to motivate" the local medical establishment into 
continuing this programme. 
A reinvestigation was performed in 1982 in order 
to 
1 reestablish the persistence of a high prevalence 
of goitre in untreated schoolchildren; 
2 make a comparison between treated and 
untreated children from the same villages, which 
differed only with respect to their age; 
3 study the beneficial effect of iodised pi l , given to 
pregnant women, by investigation of mothers 
and infants three years later; and 
4 exclude harmful thyroiditis 3 4 induced by iodised 
oil by investigation of thyroid autoantibodies in 
untreated and treated children and adults. 
The data are presented to draw the attention of the 
local authorities to the iodine deficiency problems. 
*Supported by Berliner Missionswerk, Division for World Mission, Berlin, 
West Germany 
Methods 
Thyroid enlargement was determined by palpation 
a n d c l a s s i f i e d a c c o r d i n g to the W H O 
recommendations. 5 6 Thyroid palpations were 
performed by three different investigators. 
Thyroid hormone levels, thyroxine binding 
globulin ( T B G ) and serum T S H levels were 
determined by radioimmunoassay, as described 
elsewhere. 7 - 9 Thyroid antibodies were determined 
using commercial test Systems (Fa Welcome, 
Burgwedel, F R G ) . Blood spot T S H from filter paper 
was determined as previously described. 2 Blood 
samples were drawn from a cubital vein. Samples 
were centrifuged, and serum was stored at 4°C for up 
to 10 days and thereafter frozen at - 2 0 ° C until 
determinations were performed. Blood samples for 
blood spot T S H analysis were taken from fingerprick 
from 30 infants. Filter papers were thoroughly dried 
and stored in the same way as serum samples. 
Normal ranges for healthy controls from Miinich 
were: thyroxine (Ti) 4-5-10-0 /*g/dl; thyroxine 
binding globulin ( T B G ) 1-6-2-8 mg/dl; T . / T B G 
ratio 1-8-5-7 (arbitrary units); triiodothyronine (T3) 
80-160 ng/dl; thyrotropin (TSH) 0-2-1 mU/1 . 
P r e v a l e n c e o f g o i t r e a n d h y p o t h y r o i d i s m : effect o f i o d i s e d o i l o n t h y r o i d h o r m o n e d e f i c i e n c y 87 
The T S H radioimmunoassay was performed using 
a low l abe l l ed 1 2 5 I - T S H tracer and a prolonged 
incubat ion time. T S H Standards were d i lu ted in 
human serum from volunteers during T3 suppression 
(100 /xg/d).Thelowerlimitof detection is 0-4 mU/1 7 ; 
the normal basal level in the Bavarian goitre region is 
below 2 1 mU/1; thus serum levels in the ränge 
2-2-5-0 mU/1 were assumed to be borderline, 
whereas serum levels over 5 mU/1 are clearly 
indicative of hypothyroidism. 
In euthyroid children more than 10 days old and in 
adults, blood spot T S H (lower limit of detection 
12 mU/1) is undetectable. In a previous study 2 we 
showed that blood spot T S H levels below 12 mU/1 
do not necessarily exclude moderate or mild 
hypothyroidism, because of a loss of T S H activity on 
the filter paper, presumably due to environmental 
humidity. In this study the transport time was less 
than two weeks and the filter papers were kept in a 
cool box during the time of sampling. 
Study population 
G R O U P I 
Five hundred and sixty children f r o m seven different 
villages who had never received iodine Prophylaxis 2 
were investigated for thyroid enlargement and 
thyroid function. 
G R O U P I I I 
For comparison, 124 children f r o m three different 
villages who had received iodine supplementation 
(1 ml L i p i o d o l R , Byck-Gulden Federal Republic 
Germany, im, containing 480 mg iodine bound to 
ethyl-ester of oleum papaveris) three years 
previously, were reinvestigated. 
G R O U P 11 
This special group was compared with 134 children of 
younger age, from the same three villages who had 
not yet received iodine. 
The age was requested from the children but this 
information cannot be relied on, because the date of 
birth is not documented in the rural areas of 
Tanzania. It is obviously doubtful whether children 
attending primary school are more than 16 years o f 
age in groups I and III. Therefore, those who gave an 
age of 17-47 years (n = 30) were not eliminated. 
In addition, 25 young women, who had received 
iodised oil during pregnancy in 1979, their babies 
born in 1979/80 (n = 25), and five younger babies 
born in 1981/82 were investigated. T S H levels of the 
children were determined by the filter paper method. 
Thyroid autoantibodies were investigated in 138 
untreated children and adults as well as in 174 treated 
children and adults to exclude a possible increase in 
immunological reactions after a high dose of lipid 
bound iodine. 
Wilcoxon Rank test was used for Statistical 
analysis. 
Results 
C H I L D R E N W I T H O U T I O D I N E P R O P H Y L A X I S 
( G R O U P 1 ) 
A total of 560 schoolchildren, 6-19 years of age, 
were investigated before iodine supplementation. 
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Fig 1 D i s t r i b u t i o n o f age ( A ) t T S H l e v e l s ( B ) , T A / T B G 
r a t i o ( C ) , a n d Tz l e v e l s ( D ) i n 5 6 0 s c h o o l c h i l d r e n from 
different v i l l a g e s i n U w a n j e . As i n d i c a t e d by t h e different 
numbers f o r t h e v a r i o u s p a r a m e t e r s , d a t a a r e n o t c o m p l e t e 
f o r t e c h n i c a l reasons. 
88 W Wächter, M M v u n g i , A König, C R P i c k a r d t , a n d P C S c r i b a 
The distribution of age, T S H levels, T 4 / T B G ratio, 
and T3 levels is given in figure 1. 
The T4/TBG ratio was normal in only 67% (table 
1) and normal T S H levels were found in only 31% of 
these children; 41% had moderately elevated T S H 
levels in the ränge 2-2-5-0 mU/1, whereas 28% of the 
T S H levels were in the ränge 5-1—745 mU/1, 
indicating frank hypothyroidism. There was a 
significant correlation between the T4/TBG ratios 
and basal T S H levels (p<0-01). No correlation was 
shown for T3 and T S H levels. 
The overall prevalence of goitre was 90% in 512 
children of group I. For the difference in numbers of 
children in figs 1 and 2 see fig 1; 75% of these children 
(fig 2) had goitre grades I and IL Goitre grade III 
increased significantiy with age (p<001) . 
C O M P A R I S O N O F C H I L D R E N W I T H A N D W I T H O U T 
P R E V I O U S I O D I N E P R O P H Y L A X I S 
The data for 124 children from three different 
villages, who had received iodised oil injections three 
years previously (group III), were compared with 
t hose of 134 c h i l d r e n w i t h o u t i o d i n e 
supplementation (group II) from the same villages. 
According to the selection, the children forming 
group III were significantiy older than those in group 
II (fig 3), because only the younger ones, not yet 
attending school in 1979, had not received iodised oil 
injections. Thyroid function in group III was 
significantiy different in all parameters tested 
(p<0-01, table 2). 
The most striking difference was found for the 
T S H levels. Mean T S H level was only slightly 
elevated in the iodine treated group but clearly 
elevated with a wide ränge of Variation in the 
untreated group. Out of 134 untreated children, 64 
(48%) had basal T S H levels of 5 mU/1 and more, 
whereas in only 8 out of 123 (6-5%) treated children 
was T S H above 5 mU/1. 
A s shown in table 1 (middle and right part) 45-5% 
of children without previous iodine supplementation 
in group II exhibited thyroxine deficiency. In group II 
Table 1 C o m p a r i s o n o f t h y r o i d f u n c t i o n o f c h i l d r e n f r o m 
t h e same v i l l a g e s w i t h o u t ( g r o u p II) a n d w i t h ( g r o u p I I I ) 
i o d i n e P r o p h y l a x i s 
Group I Group II Group III 
T * I T B G ratio 7 V T B G ratio T«/TBG ratio 
TSH <l-8 >l-8 <l-8 >l-8 <l-8 >l-8 
« 2 1 4-7 26-1 3 0 15-7 1-6 50-8 
2-2-5-0 10-6 30-5 9 0 24-6 0-8 39-5 
> 5 0 17-9 10-4 33-6 14-2 1-6 5-6 
330 670 45-5 54-5 4-0 960 
Group I. 512 children without iodine Prophylaxis 
Group II. 134 children without iodine Prophylaxis from three selected villages. 
Group III. 124 children from the same villages three years after 1 ml iodised oil 
im. 
Table 2 R e l a t i v e d i s t r i b u t i o n o f n o r m a l , b o r d e r l i n e a n d 
c l e a r l y e l e v a t e d T S H l e v e l s i n r e l a t i o n t o decreased a n d 
n o r m a l 7 V T B G ratio 
Group II Group III 
n n 
Age (yr) 133 9-4 ± 1-3 111 13-3 ± 1-8 
Ta (ng/dl) 132 185 ± 52 123 160 ± 32 
TVTBG 129 2-1 ± 1-0 124 3 0 ± 0-9 
TSH (mU/1) 134 20-6 ± 70-6 123 2-6 2-4 
Goitre grade (WHO) 
Fig 2 D i s t r i b u t i o n o f g o i t r e s i n 512 c h i l d r e n w i t h o u t i o d i n e 
P r o p h y l a x i s . 
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50n 
• / . 25-
7 - 9 10-12 <12 
Years 
10-13 13-15 15-17 
Years 
Fig 3 Age d i s t r i b u t i o n o f c h i l d r e n from the same v i l l a g e s 
w i t h o u t (left) and w i t h ( r i g h t ) i o d i n e P r o p h y l a x i s . 
only 15*6% were euthyroid in terms of both normal 
T4/TBG ratio and normal T S H level. In contrast, only 
4% of children who had received iodised oil 3 years 
previously, showed a decreased T4/TBG ratio. In this 
group, 50*8% were euthyroid in terms of normal 
T4/TBG ratio and T S H levels. 
Comparison of the different grades of goitre did 
not reveal significant differences between groups II 
and III. 
R E I N V E S T I G A T I O N O F M O T H E R S R E C E I V I N G 
I O D I N E D U R I N G P R E G N A N C Y A N D 
I N V E S T I G A T I O N O F T H E I R C H I L D R E N 
In one village, 25 mothers who had received iodine in 
1979 during pregnancy and 25 children born in 
1979/80 as well asfive children born in 1981/82 were 
reinvestigated. A l l mothers had serum T S H levels 
below 2-1 mU/1. The T S H levels as measured by the 
filter paper method were elevated in 7 out of 25 older 
babies (28%) (fig. 4) but in none of the younger 
babies. A l l of the latter were breast fed. 
T H Y R O I D A U T O A N T I B O D I E S I N U N T R E A T E D A N D 
I O D I N E T R E A T E D C H I L D R E N A N D A D U L T S 
A s shown in table 3, microsomal antibodies were 
undetectable in 311 out of 312 treated and untreated 
subjects. One out of 156 treated children from group 
I had a low positive titre. Thyroglobulin antibodies 
were borderline positive in 2 out of 126 untreated 
and in another 2 out of 154 iodine treated children. 
Discussion 
The investigation of schoolchildren before iodine 
supplementation again demonstrates the high 
prevalence of endemic goitre in this area. 1 2 The high 
prevalence of overt and borderline hypothyroidism 
among the schoolchildren without supplementation 
was confirmed. Despite the fact that up to now no 
concise Information on the mental and somatic 
handicaps of these children is available, there is no 
doubt that the degree of biochemically confirmed 
hypothyroidism alone indicates the need for an 
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Fig 4 T 4 / T B G r a t i o , Ts and TSH levels i n 25 young females, who received i o d i n e P r o p h y l a x i s d u r i n g pregnancy three years 
previously and TSH-levels o f the c h i l d r e n d e l i v e r e d s h o r t l y after i o d i n e i n j e c t i o n as w e l l as TSH levels o f c h i l d r e n b o r n 2-3 
years after i o d i n e i n j e c t i o n . F o r I d e n t i f i c a t i o n o f i n d i v i d u a l t h y r o i d hormone levels, Symbols o f c h i l d r e n w i t h TSH levels above 
20 mV II a r e r i n g e d . 
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Table 3 T h y r o i d a u t o a n t i b o d i e s i n u n t r e a t e d a n d i n 
L i p i o d o l t r e a t e d c h i l d r e n a n d a d u l t s 
n 
M a b 
Pos Neg 
Tgab 
Pos Neg 
Untreated children 128 0 128 2 126 
Untreated adults with goitre 10 0 10 0 10 
Treated children 156 1 155 2 154 
Treated women 18 0 18 0 18 
Totais 312 1 311 4 308 
effective iodine supplementation programme in this 
area. 
The comparison of untreated and iodine treated 
children from the same villages shows the beneficial 
long-term effect on thyroid function of 1 ml Lipiodol 
im in terms of lower T S H levels and higher T4/TBG 
ratios in the treated group. It could be shown that 
96% of the treated children had noimal T4/TBG 
ratios. However, investigation of the more sensitive 
parameter of thyroid hormone deficiency, ie, T S H 
determination, shows that only 50% of these children 
were fully euthyroid when compared with basal T S H 
levels of normal controls from the mild iodine 
deficiency area in Southern Germany. 7 This finding is 
to be expected because urinary iodine excretion 
decreases exponentially with a half-life of 5-6 months 
after injection of iodised o i l . 5 
M o r e o v e r c o m p a r i s o n reveals that this 
supplementation did not result in a sufficient 
decrease of thyroid enlargement. However, it cannot 
be excluded that the goitres of these children had 
exhibited a transient decrease during optimal iodine 
effect as described in other regions. 5 
For these two reasons, the interval between iodine 
injections should probably be shorter than three 
years, at least for children in puberty and adolescence 
when euthyroid function, in terms of both normal 
T4 /TBG ratio and normal serum T S H level and a 
nearly normal thyroid volume, is the aim of such a 
supplementation programme. 
In a previous study, 2 we showed that blood spot 
T S H levels below 12mU/l do not necessarily exclude 
moderate or mild hypothyroidism, because T S H 
activity is partly lost on the filter paper, but frank 
hypothyroidism may not be overlooked by using this 
kind of T S H measurement. Therefore, we judge that 
filter paper T S H from a finger prick of the 30 babies 
gives a rough insight into the protective effect of 1 ml 
iodised oil for mothers and newborns, when 
investigated three years after the mothers had 
received iodised oi l during pregnancy. A l l of the 
women had normal T S H levels three years after the 
injection, whether they had given birth to a second 
child in the meantime or not. A m o n g the older babies 
of these women, 28% were found to be hypothyroid 
after stopping breast feeding, whereas none of the 
second children had elevated T S H levels. A l l o f the 
iatter were still breastfed. Thus, maternal milk seems 
to be a sufficient source of iodine for these children 
since it had been shown that there is a linear relation 
between iodine content in the milk and maternal 
iodine excretion, at least in borderline iodine 
deficiency. 1 0 This finding indicates that iodine 
Prophylaxis should be given to children as soon as 
breastfeeding is stopped. 
In our study, there is no suspicion that 
intramuscular injection of iodised oil increases the 
rate of chronic thyroiditis in children and young 
adults, because thyroid antibodies did not increase 
compared with the untreated study population. This 
is in contrast to the Observat ion of Boukis et a l , 3 who 
found an increased rate of thyroglobulin and 
microsomal ant ibodies , up to 42-8%, three and six 
months after oil injection in their study population 
19-60 years of age. Our finding is also in contrast to 
the O b s e r v a t i o n in regions with an effective 
Prophylaxis programme with iodised salt.4 Although 
we cannot exclude a transient increase in thyroid 
ant ibodies in our sample, we can conclude f r o m our 
data that this rough f o r m of iodine Prophylaxis does 
not induce harmful chronic thyroiditis in the young 
population, which is the main target for Prophylaxis 
programmes. 
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